Communication via chemical signals and cues is a widespread modality in animals. Producing, 7
I. Chemical communication in terrestrial environments
Communicating via chemical channels is challenging. However, this modality is thought to 50 be the most ancestral form of transmitting signals and cues (Bradbury & Vehrencamp 2011) . 51 Molecules have a long path in these channels; organisms need to produce them, either 52 metabolically or aided by other organisms, or sequester them from the environment. After 53 synthesis, chemical compounds have to be stored, secreted, sent, and received (Agosta 1992) . 54 Transmission can occur using current flows of air or water, by simple diffusion, or by deposition 55 on the substrate. Finally, received chemicals are to elicit neural responses and cognitive process 56 in the receiver. chelicerae, performing thanatosis, stridulations within cheliceral segments, and lastly the 114 secretions of chemicals irritants (Gnaspini & Cavalheiro 1998 , González et al. 2004 2010). Additionally, a trade-off between those strategies could allow species to rely more on 116 certain means of defense (Machado & Pomini 2008) . 117 Chemical signaling is perhaps the best channel for communication for some harvestmen 118 (Machado & Macías-Ordoñez 2007) . This because most harvestmen are nocturnal, have long 119 slender antenniform legs, and lack associated structures to perform visual or acoustic Here I will focus on Eupnoi harvestmen, the long-legged harvestmen, commonly known 128 as "Daddy Long-legs", to outline future research on chemical communication and ecology in this 129 group. As most research dealing with these topics has been done on another suborder (the 130 deposited in the cuticle has proven to be sex-, age-, and nutrition dependent in harvestmen 142 (revision in Trabalon 2013); although no gland has been identified as the source yet.
producing the secretions. Additionally, producing secretions is condition-dependent, as poorly 146 fed individuals produced secretions with lower mass and concentration of benzoquinones 147 (Nazareth et al. 2016) .
148
The secretory glands are sacs derive from the ectoderm, and have three layers (revision The first way to study chemical communication in harvestmen is by isolating and identifying the chemicals involved. There are three basic ways to do this (Raspotnig et al. 2010 (Raspotnig et al. , 2015 :
(1) Directly dabbing secretions on small pieces of filter paper immediately after the emission from the ozopores after gentle squeezes to the harvestmen. Then, filter papers are extracted in hexane for 30 min.
(2) Whole body extraction of individuals in 150 µl of hexane or methylene chloride for 30 min.
(3) Extraction of excised single glands in methylene chloride for 30 h.
Several classic and modern research technics in chemistry are now available to study the chemical compositions of animal secretions, and to be able to infer their functions. As for harvestmen, extensive research has enabled several technics, even in species that release small volumes of chemicals, such as Eupnoi. Certain technics have proven successful in giving profiles and ratios of the components present in the chemical blends extracted from secretions, including: Additionally, combining these with scanning electron microscopy (SEM) and magnetic resonance imaging (MRI) provide morphological confirmation of the associated structures, and their potential functions. See Fischer (2019) for detailed descriptions of available methods to study chemical compounds in spiders.
Finally, extensive field observations and behavioral ecology approaches using choice tests in experimental arenas and bioassays to look for the chemicals that elicit observed behaviors will complement the research on chemical communication in harvestmen. molecules affect their persistence time in the environment. When vapor pressure decreases with 177 increasing size or polarity, the evaporation rate declines, and consequently, the signal can be 178 emitted for a longer time. Also, larger molecules diffuse slower, allowing the signal to stays for 179 longer (Trabalon 2013).
180
Although variable among clades, the secretions of harvestmen are usually a mixture of 181 compounds (see Table 10 .1 in Gnaspini & Hara 2007). Raspotnig (2012) Reception proteins are sensitive to specific functional groups, molecule sizes, or shapes.
293
Therefore, the receptor is more intricated than a simple lock-key system. Additionally, the 294 receptor responds to a variety of ligands, and the match with the cell's requirements affect the 295 BOX 2. Main sensory structures of Eupnoi harvestmen • Slit (lyrifissures) sensilla: measure cuticular strain, self-generated muscular or haemolymphal movement (propioreceptors) or from external sources (exteroception). Located mostly in the basal segments of all appendages, and near the articulations. Not arranged in true lyriform organs, but occur either in solitary or groups.
• Campaniform sensilla: circular or oval modifications of slit sensilla. Located in all legs, with concentration near the plane of autotomy. Leg II in Phalangium had similar numbers than other legs.
• Sensilla chaetica: located in the whole body. Contain a socket membrane, and this setae are probably gustatory contact mechanoreceptor because they have an internal lumen associated with a pore tip.
• Sensilla basiconica: located on the dorsal side of the metatarsus of all legs, and also in the dorsal side of the pedipalps of Phalangium opilio. A short shaft inserts in a large sockets. Its function is unknown.
• Spicer's tarsal organ: A longitudinal series of microdenticles on the ventral surface of the pedipalps.
Their pores lack innervation, and this organ is thought as an olfactory receptor. However, without further examination, this structure can also be a glandular opening. 
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The electric impulse then heads to a glomerulus (which centralizes the impulses coming 298 from many receptor cells). The glomeruli save information of where the receptor was, although 299 no evidence has been found about a chemotopic ordering in the CNS, as for the case of tactile or 300 visual receptors (Bradbury & Vehrencamp 2011) . The way how arthropods can discern between 301 chemical compounds is currently not resolved. However, the interaction between many receptor 302 cells and glomeruli, and the action of inhibitory interneurons suggest that multi-source pathways 
